Vegetation dynamics has long been studied from a deterministic perspective, leading to important concepts like climax, equilibrium and reversibility. In recent decades, the emergence of the theory of chaos has changed our vision of natural laws. New concepts such as non-equilibrium, heterogeneity, disturbance and irreversibility have increasingly become popular. Some ecological successions have even been considered as stochastic and thus their outcome a matter of chance. Here, I briefly review these three paradigms, within the special framework of vegetation typology and conservation ecology. I conclude that all successions are, at least partly, deterministic. The proportion of stochasticity depends mainly on the size and composition of the regional species pool, and is likely to occur in early-successional stages. When the lack of acute disturbance allows a succession to develop, the late-successional stages usually converge toward a 'strange attractor', i.e. the climax. Short-term and/or small-scale monitoring are common biases leading to conclude that determinism does not exist in plant community successions.
Introduction
Plant communities change over time. The study of succession, i.e. the process of directional change in communities, has been an important focus of community ecologists, since the pioneer work of Warming [39] . In the field, one can easily recognize a succession by a progressive change in vegetation physiognomy, corresponding to changes in species composition, diversity and, even if less evident to the field observer, function. For example, by monitoring vegetation in a former cultivated field in Europe, one is likely to observe the early colonisation by annuals and biennals, soon replaced by perennial grasses and forbs and, usually a few years later, by the first shrubs and juvenile trees. From an ecological point of view, succession is a dynamic process resulting from a balance between the colonizing ability of some species and the competitive ability of others. This ecological phenomenon may be considered within a larger physical context, in which a dynamic system is one whose state changes over time according to a process termed dynamics.
Ecosystems, as well as their constituent plant communities, are undoubtedly dynamic systems. Surprisingly, during almost the two last centuries, plant community dynamics has been only poorly taken into account in the description of plant communities, the latter being often described as 'stable species combinations' [18] . Of course it has been well recognized that succession proceeded through a series of seral stages from the pioneer stage to the so called 'climax' stage, the latter being the most stable of all stable communities. But, the 'seral states' have usually been considered as deterministic, discrete entities, that follow 'natural laws'. Hence, successional stages are highly predictable. However, in the second half of the 20 th century, the emergence of the theory of chaos has changed our vision of the natural laws. These were traditionally associated with determinism and reversibility in time. But in the (special?) case of the newly recognized unstable systems, the natural laws express what is probable rather than what is certain [30] . According to this new paradigm, chance and hazard would become the rules in ecological systems. To certain authors it appeared that ecological successions were unpredictable since completely random [28] . For others, successions would be rather globally deterministic trajectories with probabilistic states and a more or less important proportion of chance (see [24] for a review). Imagine a dynamic system. From a given starting point, the succession will lead to a particular endpoint. Now, reinitialize the system from the same starting point a number of times. If the endpoint is different each time, the system is stochastic. If there are two or few possible endpoints, the system is chaotic. Conversely, if the succession always leads to the same endpoint, the system is deterministic. In the latter case, one should look at the intermediate points of the succession. If they are exactly the same for all reiterations, the system is completely deterministic, but if the roads to the endpoint change, the system is rather chaotic.
I believe that there is no general theory and any generalization is probably hazardous. It is even unlikely that any single theory may be able to account for all plant community successions and all types of ecosystem. In the following contribution, I propose to review briefly the three main theoretical frameworks of system dynamics -determinism, chaos and stochasticity -within the special case of plant community successions. I shall illustrate my argument with several examples from my own research. I shall conclude by deriving some implications for phytosociology (i.e. vegetation typology) and conservation ecology (i.e. the management of plant communities for conservation or restoration purposes).
Should we bury the determinism paradigm?
Determinism used to be the most influential paradigm in vegetation theory, at least for the last two centuries. For instance, in the field of vegetation description, either methods derived from the continuum theory [7, 20, 40] or those referring to discrete plant communities [1, 18, 19] focus on 'determinants' of vegetation composition and structure. Those determinants are mainly ecological, e.g. climate, soil properties, substrate, topography, biotic factors, and are expected to control vegetation patterns. Within the framework of vegetation dynamics, this paradigm postulates that species replace one another because at each stage they modify the environment to make it less suitable for them and more suitable for others. Thus, species replacement is orderly and predictable, and provides
